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tion but instead manifest in the early postoperative period
as elevated intra-abdominal pressure. A reduced abdomi-
nal compartment and elevated intra-abdominal pressure
compress the vena cava, liver, bowel, and kidneys and
worsen end-organ perfusion (Fig 1, B).10-19
Temporary abdominal closure with impermeable mesh
or Silastic sheeting first was introduced in the pediatric
and trauma literature. Mesh-based closure expands the
abdominal domain and reduces intra-abdominal pressure
(Fig 1, C).20-23 Despite concerns of graft infection and
wound complications, this surgical adjunct has been
reported in small series after ruptured aneurysm repair.24-
26 In most instances, the mesh is sewn to the skin or fascia
at completion of the operation to expand the abdominal
compartment. The mesh may be tightened or changed as
edema and hematoma resolve. In the postoperative
period, the mesh is removed and primary fascial closure is
accomplished or a piece of absorbable mesh used to
restore abdominal domain.
Despite the acceptance and potential benefit of this
technique, the clinical profile of the patients who need
mesh-based abdominal closure after ruptured AAA repair
has not been defined. In addition, no clinical predictors
exist that indicate which patients may benefit from this
The mortality rate after ruptured abdominal aortic
aneurysm (AAA) has remained nearly constant, with mul-
tiple organ failure (MOF) representing a leading cause of
death in those patients who survive operative repair.1-9
Intra-abdominal hypertension is an important factor in the
development of MOF and begins when hematoma from
aortic rupture and edema from fluid resuscitation reduce
abdominal domain (Fig 1, A). A compromised abdominal
space may or may not be obvious at the end of the opera-
From the aDepartment of Surgery, Uniformed Services University of
Health Sciences, and the bDivisions of Vascular Surgery and Section of
Biostatistics, Mayo Clinic and Mayo Medical School.
The views and opinions expressed herein are those of the authors and are
not intended to represent the official position of the Department of
Defense, United States Air Force, or any other governmental agency.
Competition of interest: nil.
Presented at the Fifty-fifth Annual Meeting of The Society for Vascular
Surgery, Baltimore, Md, Jun 10-11, 2001.
Reprint requests: Todd E. Rasmussen, MD, Major, USAF MC, Malcolm
Grow United States Air Force Medical Center, Andrews AFB, MD
20762.
Copyright © 2002 by The Society for Vascular Surgery and The American
Association for Vascular Surgery.
0741-5214/2002/$35.00 + 0 24/6/120384
doi:10.1067/mva.2002.120384
Early abdominal closure with mesh reduces
multiple organ failure after ruptured abdominal
aortic aneurysm repair: Guidelines from a 10-year
case-control study
Todd E. Rasmussen, MD,a John W. Hallett, Jr, MD,b Audra A. Noel, MD,b Gregory Jenkins, BS,b
Thomas C. Bower, MD,b Kenneth J. Cherry, Jr, MD,b Jean M. Panneton, MD,b and Peter Gloviczki,
MD,b Bethesda, Md; and Rochester, Minn
Objective: The objectives of this study were the comparison of patients who needed mesh closure of the abdomen with
patients who underwent standard abdominal closure after ruptured abdominal aortic aneurysm repair and the deter-
mination of the impact of timing of mesh closure on multiple organ failure (MOF) and mortality.
Methods: We performed a case-control study of patients who needed mesh-based abdominal closure (n = 45) as com-
pared with patients who underwent primary closure (n = 90) after ruptured abdominal aortic aneurysm repair.
Results: Before surgery, the patients who needed mesh abdominal closure had more blood loss (8 g versus 12 g of hemo-
globin; P < .05), had prolonged hypotension (18 minutes versus 3 minutes; P < .01), and more frequently needed car-
diopulmonary resuscitation (31% versus 2%; P < .01) than did the patients who underwent primary closure. During
surgery, the patients who needed mesh closure also had more severe acidosis (base deficit, 14 versus 7; P < .01), had
profound hypothermia (32°C versus 35°C; P < .01), and needed more fluid resuscitation (4.0 L/h versus 2.7 L/h; 
P < .01). With this adverse clinical profile, the patients who needed mesh closure had a higher mortality rate than did
the patients who underwent primary closure (56% versus 9%; P < .01). However, the patients who underwent mesh
closure at the initial operation (n = 35) had lower MOF scores (P < .05), a lower mortality rate (51% versus 70%), and
were less likely to die from MOF (11% versus 70%; P < .05) than the patients who underwent mesh closure after a sec-
ond operation in the postoperative period for abdominal compartment syndrome (n = 10).
Conclusion: This study reports the largest experience of mesh-based abdominal closure after ruptured abdominal aor-
tic aneurysm repair and defines clinical predictors for patients who need to undergo this technique. Recognition of
these predictors and initial use of mesh closure minimize abdominal compartment syndrome and reduce the rate of
mortality as the result of MOF. (J Vasc Surg 2002;35:246-53.)
technique. Finally, the impact of this technique on MOF
and mortality has not been determined. The objectives of
this study were the comparison of patients who needed
mesh closure of the abdomen with patients who under-
went standard abdominal closure after ruptured AAA
repair and the determination of the impact of timing of
mesh closure on MOF and mortality.
METHODS
The records of 223 patients who underwent ruptured
AAA repair between January 1, 1991, and December 31,
2000, at the Mayo Clinic were reviewed. 
Study group. Fifty-three patients from this group
(24%) underwent mesh-based abdominal closure after rup-
tured AAA repair, and the remainder underwent standard
primary abdominal closure (Fig 2). Three patients with
mesh abdominal closure who died in the operating room
and five patients who died within 6 postoperative hours
were excluded from the study because their deaths were
believed not to relate to closure technique. The remaining
45 patients comprised the study group (group 1). Within
this group, 35 patients underwent early mesh abdominal
closure at the conclusion of the initial operation and 10
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patients underwent late mesh closure after a second opera-
tion in the early postoperative period for intra-abdominal
hypertension (decompressive laparotomy). 
Control group. Two patients who underwent stan-
dard abdominal closure after ruptured AAA repair were
identified as controls for each of the 45 patients in group 1.
The control patients were time-matched to reduce outcome
and experience bias during the study period. Specifically,
one control patient underwent ruptured aneurysm repair
before and one patient underwent repair after each patient
for mesh closure in group 1. In a similar manner, the con-
trol patients who died in the operating room (18 patients)
or within 6 postoperative hours (six patients) were excluded
from the study. Two of the identified 90 control patients
declined permission for use of clinical data which left 88
patients (group 2) for statistical comparisons.
Data collection and definitions. The demographic
and clinical data from the two groups were collected in a
retrospective chart review. The demographic data included
age, gender, presence of comorbid disease, and previous
abdominal operation. The preoperative clinical data
included weight, body mass index (kg/cm2), hemoglobin,
units of blood transfused, duration of hypotension (sys-
tolic blood pressure, <90 mm Hg), and cardiac arrest or
need for cardiopulmonary resuscitation (CPR). Cardiac
arrest and need for CPR were defined as asystole or ven-
tricular fibrillation, when available, or blood pressure mea-
sured as zero and pulselessness witnessed by trained
medical staff in the field or emergency room. The intra-
operative data included lowest temperature, greatest base
deficit, duration of hypotension (systolic blood pressure,
<90 mm Hg), operative time, number of units of blood
transfused, total liters of fluid given per hour of operation,
use of supraceliac clamp, type of graft, and presence of
operative complications.
Volume of intraoperative fluids included liters of crys-
talloid and synthetic colloids and packed red blood cells
(250 mL/U), fresh frozen plasma (300 mL/U), and
platelets (50 mL/U or 300 mL per six pack). Salvaged
blood (cell-saver) returned to the patient was not included
in the intraoperative fluid calculation because of inconsis-
Fig 1. A, Ruptured abdominal aortic aneurysm with associated
retroperitoneal hematoma and reduction of abdominal domain.
B, Standard primary abdominal closure of compromised abdom-
inal space after ruptured aneurysm repair with compression of
abdominal structures. C, Closure of abdomen with impermeable
mesh or Silastic sheeting expands abdominal domain and reduces
pressure on abdominal structures.
Fig 2. Charts of 223 patients with ruptured abdominal aortic
aneurysms were reviewed. Fifty-three cases of mesh abdominal
closure after operation were identified as compared with 170
cases of standard primary abdominal closure.
A
B
C
tencies in the recording of this volume encountered dur-
ing data abstraction.
Postoperative morbidity, mortality, and survival
rates. The presence of postoperative MOF in each group
was analyzed at 12 and 48 hours and at 7 days after rup-
tured AAA repair. MOF was quantified with a modified
scoring system described by Moore and Moore27 on the
basis of the function of five organ systems: pulmonary,
renal, hepatic, intestinal, and cardiac (Table I).27,28 Each
system was scored from 0 to II (0, no dysfunction; I, mild
dysfunction; and II, severe dysfunction), and the scores
were added at specific postoperative periods.
An adult respiratory distress syndrome score on the
basis of chest x-ray, PaO2/FiO2 ratio, minute ventilation,
and positive end expiratory pressure determined degree of
pulmonary dysfunction or failure. Degree of kidney and
liver dysfunction was on the basis of increased serum cre-
atinine and bilirubin levels, respectively. Heart dysfunction
was on the basis of cardiac index and requirement of
inotropic support. Bowel dysfunction, not included in
Moore and Moore’s27 MOF score, was examined in this
study because of the established significance of bowel
ischemia after ruptured AAA and was graded on the basis
of the extent of documented ischemia.29-31
In-hospital mortality, mortality from MOF, and long-
term survival rates were calculated. In addition, a descriptive
analysis of technical considerations related to mesh place-
ment and abdominal wall complications was performed.
Comparisons and statistical analysis. Comparisons
of demographic and clinical characteristics and postopera-
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tive MOF scores and in-hospital mortality rates between
the study groups were evaluated with logistic regression.
The threshold of statistical significance was set at P < .05.
To determine the impact of timing of mesh closure, these
same comparisons were made between the 35 patients
who underwent early mesh closure and the 10 patients
who underwent late mesh closure at a second operation.
RESULTS
There was no statistically significant difference found
in age, gender, or frequency of prior abdominal surgery
between the patients in group 1 who needed mesh
abdominal closure and the control patients in group 2
(Table II). There was also no statistically significant differ-
ence found between the two groups with respect to the
frequency of preoperative comorbid diseases.
Before surgery, the patients in group 1 had lower
hemoglobin levels, had a longer duration of hypotension,
and were more likely to need CPR than the patients in
group 2 (Table III). There was no statistically significant
difference found in patient weight or body mass index
between the two groups. During surgery, the patients in
group 1 needed a greater resuscitative volume per hour of
operation, developed more profound hypothermia, and
had a worse base deficit than group 2. Frequency of
supraceliac clamp application was also more common in
the patients in group 1 than in the patients in group 2
(Table III). There was no statistically significant difference
found between groups in the operative time, type of graft
used, or frequency of intraoperative complications.
Table I. Organ failure scoring
Score 0 1 2
Pulmonary* No dysfunction Dysfunction Failure
Renal Creatinine level increase, Creatinine level increase, Creatinine level increase,
0.5 to 0.9 from baseline 1.0 to 2.0 from baseline >2.0 from baseline
Hepatic† Bilirubin level, 2 to 4 Bilirubin level, >4.0 Bilirubin level, >8.0
Intestinal Suspicion of ischemia Endoscopic documented ischemia Bowel resection
Cardiac‡ Minimal inotrope Moderate inotrope High inotrope
*Derived adult respiratory distress syndrome scoring system on the basis of chest x-ray, PaO2/FiO2 ratio, minute ventilation, and positive end expiratory
pressure–determined lung dysfunction.
†Not attributed to biliary obstruction or resolving retroperitoneal hematoma .
‡Cardiac index of <3.0 with requirement of inotropic support: minimal inotrope dopamine or dobutamine, <5 µg/kg/min; moderate inotrope, 5 to 15
µg/kg/min; and high inotrope, >15 µg/kg/min or epinephrine drip.
Table II. Demographic analysis and frequency of preoperative comorbid disease
Group 1 (n = 45) Group 2 (n = 88) P value
Age (years; median) 75 (range, 58 to 91) 74 (range, 49 to 90) .34
Male 89% 90% .88
Past abdominal surgery 27% 28% .83
Coronary disease 20% 11% .18
Renal insufficiency 36% 25% .2
COPD 29% 25% .63
Hypertension 62% 47% .12
Liver disease 9% 1% .06
COPD, Chronic obstructive pulmonary disease.
Morbidity, mortality, and survival rates. With this
adverse clinical profile, the patients in group 1 who
underwent mesh-based abdominal closure had greater
mean MOF scores at 12 hours (1.4 versus 0.8; P = .03),
48 hours (1.9 versus 1.0; P = .02), and 7 days (1.9 versus
0.9; P = .01) than did the control patients in group 2. In-
hospital mortality rate was also greater in group 1 (56%;
95% confidence interval [CI], 40 to 70) than in group 2
(9%; 95% CI, 4 to 17; P < .01) as was mortality rate as the
result of MOF, which was 24% (95% CI, 13 to 40) versus
7% (95% CI, 3 to 14; P < .01). Survival rate at 5 years for
patients in group 1 who needed mesh closure was 32%
(95% CI, 19 to 54) versus 53% (95% CI, 40 to 72) for
control patients. The in-hospital mortality rate for all rup-
tured AAAs in this study, including those in patients who
died in the operating room and in the immediate postop-
erative period, was 39% (65 of 165; 95% CI, 32 to 47).
Early versus late mesh closure. There was no statis-
tically significant difference found in the demographic
characteristics or in the frequency of comorbid disease
between the 35 patients who underwent early mesh closure
and the 10 patients who underwent late mesh closure at a
second operation for the development of intra-abdominal
hypertension (decompressive laparotomy; Table IV). The
patients who underwent early mesh closure also had simi-
lar preoperative and intraoperative clinical profiles as com-
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pared with the patients who underwent late mesh closure
(Table V). No patients in the early mesh closure group had
intra-abdominal hypertension or abdominal compartment
syndrome develop. Despite similar demographic and clini-
cal profiles, the patients in the early mesh group had lower
mean MOF scores at 12 hours, 48 hours, and 7 days than
did the patients in the late mesh group (Fig 3). The inci-
dence rate of endoscopic-documented colon ischemia, an
important element in the MOF score, was significantly less
in the early mesh group as compared with the late mesh
group (6% versus 40%; P < .05). In addition, the patients
in the early mesh group tended to have lower mortality and
death rates from MOF than did the patients in the late
mesh closure group (Fig 4).
Technical considerations. In 84% of patients who
underwent initial or early mesh closure of the abdomen,
there was specific mention of a physically reduced abdom-
inal domain in the operative report. Most commonly, this
condition was swollen bowel (68%) or massive retroperi-
toneal hematoma (50%). None of the 10 patients who
underwent late mesh closure after decompressive laparo-
tomy had specific reason for loss of abdominal domain
noted in the operative report. In 69% of the mesh closure
cases, impermeable Silastic mesh or sheeting was used,
although expanded polytetrafluoroethylene was used 13%
of the time. The remaining 18% of the patients received
Table III. Preoperative and intraoperative clinical profiles
Group 1 (n = 45) Group 2 (n = 88) P value
Preoperative parameters*
Hemoglobin (g) 8.5 11.6 <.01
Time SBP, <90 mm Hg (minutes) 18 3 <.01
Cardiac arrest (CPR) 31% 1% <.01
Weight (kg) 86 80 .25
Body mass index 28 25 .06
Intraoperative parameters*
Liters per hour of operation 4 2.7 <.01
Lowest temperature (°C) 32.5 35 <.01
Base deficit 14 7 <.01
Supraceliac clamp 78% 42% <.01
Operative time (minutes) 190 171 .15
Tube graft placement 71% 53% .05
*Median.
SBP, Systolic blood pressure; CPR, cardiopulmonary resuscitation.
Table IV. Demographic analysis and frequency of preoperative comorbid disease
Early mesh (n = 35) Late mesh (n = 10) P value
Age (years; median) 74 (range, 58 to 91) 80 (range, 67 to 88) .2
Male 91% 80% .32
Past abdominal surgery 26% 30% .79
Coronary disease 20% 20% 1
Renal insufficiency 37% 30% .68
COPD 26% 40% .38
Hypertension 66% 50% .37
Liver disease 9% 10% .89
COPD, Chronic obstructive pulmonary disease.
various types of nonabsorbable sheeting or Vicryl. Mesh
materials were most commonly sewn to the fascia in 84%
of the cases and to the skin in only 16% of cases. Nineteen
patients (45%) in group 1 needed one return trip to the
operating room for reasons related to abdominal closure,
most commonly for mesh removal and final restoration of
abdominal domain. Sixteen patients (38%) needed two or
more returns to the operating room. The initial mesh was
removed between postoperative days 2 and 7, with fascial
closure accomplished in 42% (14 of 33) of the patients. An
equal number of patients (42%) were unable to have fas-
cial closure and received absorbable mesh (eg, Vicryl) at
the final abdominal wall-related operation. 
Wound-related complications. The most common
early abdominal wall complication in patients from group
1 was dehiscence of mesh material from fascia or skin in
the postoperative period (22% of cases). Chronic abdomi-
nal wall hernia occurred in 33% of the patients from group
1 and always followed the use of Vicryl mesh for final
abdominal closure. One of the 15 patients with chronic
abdominal wall hernia had symptoms, and all the hernias
were managed conservatively with abdominal binders.
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Enterocutaneous fistula occurred in three patients (7%)
from group 1, each after the use of Vicryl mesh. There
were no documented vascular graft infections in the study
group (32% 5-year survival rate).
DISCUSSION
This study reports the largest experience of mesh-
based abdominal closure after ruptured AAA repair, and
the results show that this technique may be used in
severely compromised cases with acceptable outcome. In
addition, these findings define objective clinical differ-
ences between patients who need this technique and those
who need standard primary abdominal closure. Finally,
this study shows that mesh closure at the initial operation
reduces morbidity and mortality rates from MOF as com-
pared with later mesh closure after a second operation for
intra-abdominal hypertension.
The results of this analysis confirm specific clinical
trends first observed by the Harborview group in a smaller
study of this technique.26 Specifically, the findings in both
studies suggest that patients who need mesh closure after
ruptured AAA repair are distinct with regards to three pre-
Fig 3. Multiple organ failure scores at 12 hours, 48 hours, and 7
days after ruptured abdominal aortic aneurysm repair. MOF,
Multiple organ failure; SEM, standard error of the mean.
Fig 4. In-hospital mortality and death rates from multiple organ
failure (MOF) in patients who underwent early mesh closure as
compared with patients who underwent late mesh closure after
decompressive laparotomy.
Table V. Preoperative and intraoperative clinical profiles
Early mesh (n = 35) Late mesh (n = 10) P value
Preoperative parameters*
Lowest hemoglobin (g) 8 10.1 .05
Time SBP, <90 mm Hg (minutes) 20 20 .6
Cardiac arrest (CPR) 34% 20% .4
Weight (kg) 85 90 .75
Body mass index 28 28 .68
Intraoperative parameters*
Liters per hour of operation 4 4.4 .91
Lowest temperature (°C) 32.1 32.8 .56
Base deficit 14 13 .6
Supraceliac clamp 80% 70% .51
Operative time (minutes) 209 169 .07
Tube graft placement 63% 100% .01
*Median.
SBP, Systolic blood pressure; CPR, cardiopulmonary resuscitation.
operative (anemia, duration of shock, and need for CPR)
and three intraoperative (hypothermia, acidosis, and vol-
ume of resuscitation) parameters. Recognition of these
clinical differences in two separate studies suggests that
they may have a role in the prediction of which patients
need this technique. Although findings in both studies
show that mesh-based abdominal closure may reduce mor-
bidity and mortality rates from MOF, the current investi-
gation results suggest that such benefit is only present if
mesh closure is used at the original operation.22,26,32
The higher incidence rate of colon ischemia (40%) in
the late mesh group is important. It may be hypothesized
that increased postoperative fluid requirements associated
with colon malperfusion contributed to the development
of abdominal compartment syndrome, which necessitated
laparotomy and late mesh closure in some patients. In con-
trast, the incidence of colon ischemia in the early mesh
group (6%) is low, considering the group’s adverse periop-
erative profile. This finding suggests that early expansion of
the abdominal domain with mesh may reduce the detri-
mental effects of increased abdominal pressure on bowel
perfusion. These observations are supported by studies in
which the adverse effects of prolonged intra-abdominal
hypertension on organ perfusion and the development of
MOF have been established.12-19,33 The absence of aortic
graft infection in this study confirms other reviews that
report that the placement of temporary mesh does not pre-
dispose to graft infection.25,26
Limitations. The limitations of this study rest primarily
in its retrospective nature. Specifically, it is not possible to
prove that the technique of mesh-based abdominal closure
offers benefit to such critically ill patients nor is it possible to
quantify the predictive value of these clinical parameters.
These propositions were not objectives of this study and
would be addressed more appropriately in a prospective trial.
In addition, the calculation of organ failure scores in a ret-
rospective manner is difficult and subject to data availability.
However, the same definitions and data abstraction methods
were applied to both study groups. Finally, considerable
selection bias was introduced into the study with the exclu-
sion of patients who died in the operation room or in the
immediate postoperative period. The exclusion of these
patients resulted in an unusually low mortality rate in the
control group (9%), which should be recognized as influ-
enced by selection bias. The in-hospital mortality rate of all
the ruptured aneurysms in this study was 39%.
Clinical implications. As is commonly the case with
retrospective clinical reviews, the most valuable yield of
this study is “not necessarily the discovery of new con-
cepts, but the illumination and refinement of ideas and
impressions already known but dimly defined.”34 In this
context, this study confirms general impressions that
patients who need mesh closure after ruptured aneurysm
repair “are more sick” than patients who undergo primary
closure. However, these results extend this clinical impres-
sion, define the adverse clinical profile for patients who
need this technique, and show that its early application
may reduce the rate of MOF.
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The adverse clinical profile defined in this study may
guide the use of mesh-based abdominal closure after rup-
tured aneurysm repair (Fig 5). Patients with obvious loss
of abdominal domain will need mesh closure. Another
group that would need mesh closure is patients who do
not have noticeable loss of abdominal domain but do have
the clinical profile predictive of abdominal compartment
syndrome. These patients are at high risk for the develop-
ment of intra-abdominal hypertension or abdominal com-
partment syndrome if they undergo primary closure. Six
clinical factors are associated with the development of
intra-abdominal hypertension or abdominal compartment
syndrome (preoperative anemia, prolonged shock, and
need for CPR, intraoperative massive fluid resuscitation,
severe acidosis, and profound hypothermia). If these fac-
tors are present, mesh closure should be applied, even if
the abdomen can be closed primarily. Conversely, if none
of the clinical factors are present, then primary abdominal
closure may be performed. When some but not all of the
clinical factors are present, mesh closure is favored if more
than one of the operative predictors is present or if the
patient has a preexisting organ dysfunction (especially
renal or pulmonary).
Technical considerations. The study results suggest
that impermeable mesh or Silastic sheeting sewn to fascia
at the conclusion of the initial operation is preferable. The
removal of this mesh 2 to 5 days after the operation with
primary fascial closure was possible in nearly one half of
Fig 5. Algorithm for consideration of clinical factors in use of
mesh-based abdominal closure after ruptured abdominal aortic
aneurysm repair. SBP, Systolic blood pressure.
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the patients in group 1. Early dehiscence that necessitated
a return to the operating room occurred in nearly one
fourth of the mesh closure cases. This complication repre-
sents a significant pitfall and may have occurred as the
result of inadequate suturing of mesh to the fascia or fail-
ure to keep the patient adequately sedate during the early
postoperative period.
The use of absorbable Vicryl mesh was necessary in
nearly half of the patients from group 1 when the original
mesh or sheeting was removed and fascial closure was not
possible. Although the use of Vicryl in this situation was
necessary, it was associated with chronic abdominal wall
hernia in all cases and an enterocutaneous fistula in three
cases (16%). No patients with abdominal wall hernia had
significant symptoms, and all conditions were managed
with abdominal binders that reflected the general activity
level of the patients who survive this ordeal. The develop-
ment of enterocutaneous fistula reflects general concerns
regarding the use of Vicryl and suggests that it should
only be used at the final abdominal closure operation
when fascial closure cannot be accomplished.22
CONCLUSION
This study reports the largest experience of mesh-
based abdominal closure after ruptured AAA repair and
defines clinical predictors for patients who need this tech-
nique. The recognition of these predictors and the initial
use of mesh closure minimizes abdominal compartment
syndrome and reduces mortality as the result of MOF.
We acknowledge Renee Brandt for assistance with
manuscript preparation and David A. Factor for the med-
ical illustrations.
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Dr Frank J. Veith (Bronx, NY). As you probably know, we
have been using endovascular grafts to treat ruptured abdomi-
nal aortic aneurysms. To date, we have done 22 cases with only
an 8% mortality. Interestingly, three of these patients developed
distinct abdominal compartment syndrome despite the fact that
we were using an endovascular graft; and these three patients
required an abdominal decompression in addition to their
endovascular grafting.
Dr Peter R. F. Bell (Leicester, United Kingdom). We’ve been
interested in this for a while as well. There are so many different
factors that it’s difficult trying to decide which patients to deal
with. We’ve also been trying to measure the bladder pressure,
which is the recommended method of looking at abdominal pres-
sure in these patients, but couldn’t find a correlation between
those who have the problem and the bladder pressure. Could you
comment on this, please?
Dr Todd E. Rasmussen. We were unable, in a retrospective
manner, to consistently collect bladder pressures. I think this ques-
tion would be most appropriately answered in a prospective study.
We do know, however, that intraabdominal pressures of greater
than 15 mm Hg decrease renal function and decrease end-organ
perfusion.
Dr Jeffrey L. Kaufman (Springfield, Mass). This is extremely
important. We’ve adopted the same strategy and have accumu-
lated around 15 patients the last decade.
Among the issues that confront surgeons with this problem
are serious questions pertaining to bleeding. I’d like you to tell us
whether any of your patients had to return to the OR earlier than
expected because of bleeding through the mesh. You can have
bleeding through the drapes used to pack off the mesh at the end
of the case, and you will receive calls from the ICU or recovery
area that bleeding seems excessive. How do you deal with this?
Do you have an algorithm that tells you this is probably just vent-
ing of retroperitoneal hematoma as opposed to some primary
hemorrhage from your repair? That’s one issue that comes up.
The other issue is the timing of removing the mesh. One of
the serious issues we’ve run into is the patient who is doing well
at postop day 3 or 4, who returns to surgery to snug up on the
mesh or actually remove it, and who then develops abdominal
compartment syndrome. In our experience, it can be hard to
estimate exactly where the abdominal compartment is in terms of
swelling and the physiological response that will occur. We’ve
had a couple patients where it was never possible to remove the
mesh, where we have waited until the viscera fused to the fascia,
and where closure was achieved with supplemental skin grafts to
the exposed bowel.
This is a really important issue. I think our survival mirrors
yours, that it is better to leave the abdominal cavities open rather
than create an abdominal compartment syndrome. I commend
you for this work.
Dr Rasmussen. The issue of bleeding is an important one. I
think there is some theoretical advantage to primary closure in
providing tamponade and the cessation or reduction of postoper-
ative bleeding.
There were about five patients in the study group who had to
be returned to the operating room for bleeding. Those patients all
had primary bleeding problems identified, either from the aortic
anastomosis or unrecognized intraoperative injury. The mesh itself is
mostly impermeable, so that there is no bleeding through the mesh
into the wound. All of those returns were based on hemodynamics
and decrease in hemoglobin and not bleeding “through the mesh.”
Dr Lazar J. Greenfield (Ann Arbor, Mich). I’m interested in
physiology that may involve more than the abdominal compart-
ment. It would seem that ventilatory pressures might be different
between these groups that you have defined, and I’m surprised
that you didn’t look into that variable as well.
The assumption that you’re making that you’ve been able to
accurately segregate the patients who need this help is a little con-
fusing to me, because I think what you have done is to define a
very high-risk population. I think the thesis that you’re proposing
remains to be proved by a more randomized study.
Dr Rasmussen. To answer the second question first, I agree
that these factors can really only be proven to be predictors in a
prospective study. What this study has hopefully done is to iden-
tify specific clinical factors that surgeons should be aware of dur-
ing this difficult type of case.
The issue of airway pressures is important, and it was factored
into our multiple organ failure score that will be outlined in the
manuscript.
Dr Robert B. Patterson (Providence, RI). The trauma ser-
vices have encountered this to a great extent with their multiple
trauma patients. And one of the things they’re championing is
using sterile 3-liter IV bags, irrigation bags from the urology
service, that they literally tuck in from flank to flank and then
place some sterile gauze over that, put some suction drains, and
then a large sterile drape. We’ve used this in a couple of situa-
tions. It really allows you to widely drain the area. It’s very rapid
in terms of a nonclosure activity. It’s easy for the nursing staff to
take care of because the suction drains keep the fluid out of the
bed, and then you return them to the operating room several
days later, change the dressings, inspect them, and at some point
you can just do a definitive closure either with mesh or with pri-
mary closure. Have you had any experience with this?
Dr Rasmussen. With that specific technique, no. And all of
the 45 patients in this study had the mesh or Silastic sheeting
sewn either to the fascia or the skin. But I think as more experi-
ence is developed and taken from the trauma literature, that’s
probably a reasonable idea.
The downside of tucking closure material under the abdomen
wall is that you lose the fascia. If you’re not sewing to the fascia, it
will retract and primary closure may be ultimately more difficult.
In this salvage type of situation, one is just trying to, in some quick
way, restore abdominal domain and get the patient out of the
operating room. I think that the technique you describe is a rea-
sonable alternative.
Dr Jesse A. Blumenthal (New York, NY). We’ve had the same
experience with the trauma patients as the aneurysm patients. Have
you tried just primary skin closure alone, mobilize the skin and
then in 48 or 72 hours either close primarily or then use the mesh?
Dr Rasmussen. Again, all of the patients in this study had the
mesh either sewn to the fascia or the skin. So, in this group, no,
that technique has not been tried, but would also be another rea-
sonable option.
Dr Clifford J. Buckley (Holland, Tex). I just wondered if you
would comment on the rather high incidence of ruptured
aneurysms in your series encompassing 10 years. I calculate it to
be one every 2 weeks. Most ruptured aneurysms come from an
area surrounding a medical facility, which is where I suppose most
of these came from. That seems like an unusually high incidence
of ruptured aneurysm.
Dr Rasmussen. It seems like quite a few ruptured aneurysms
to me also. It’s about 23 a year.
Dr Gloviczki and the Mayo Group will be publishing a paper
in the coming months which looks more at the incidence of rup-
tured aneurysms and their overall mortality. St Mary’s Hospital at
Mayo captures ruptured aneurysms not only from Olmsted
County, but also from a large region including southern
Minnesota, northern Iowa, and southwestern Wisconsin.
DISCUSSION
